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lb 

mem and modiite wiOi a marted increase in die le- 
covery of filtering capacity and enhanced mainte- 
nance pippeities in a hdlow fiber filter meraibrane 
donent diat filters liquids contdning fine paitides 



A hoilow fiber filter membrane donent c(»n- 
prisingan extnnal pessute system dud passes raw 
water fiom dw outside dirough hollow fiber mem- 
brane bundles to die inside dwreof to filter die same 
and remove the processed water fitom one end, an air 
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inlet {ripe in tbe central {«(t of the hollow fiber 
membnuie bundtes, and in whidi flwre are inlet air 
jet orifices from the outside formed in the lower half 
of die total tenglh <tf die element 



A hollow flber filter membrane elemoit com- 
prising an external pressure system that passes raw 
water from the outside dirough hollow fiber mem- 
brane bundles to the inside thereof to filter the same 
and lemove die processed water ftom one end, an air 
hdet pipe in die cmtcal part of dw hoUow fiber 
membiane bundles, and in which duae are inlet air 
jet orifices fiom die out^ formed in die lower half 
<tf die loiallengdi of die dement 
Claiiii2 

The hdlow fiber filter membrane donent re- 
cited in Claim 1 wherdn die airjet orifices are holes 
isovided in the lower surface of the air hilet pipes. 
Ci8lm3 

The hollow fiber filter membraiw element le- 
dted in aaim 1 wherem die air jet wifices are pro- 
vided in die aur difiiiser plate or ait diffiiser mbe diat 
connects efifecdvely peipendicaiady widi die air inlet 
pipe. 
Ciaim4 

The hollow fiber filter membrane dement re- 
dted in Oaim I whetda an air jet means is provided 
in die lower end plate, and in which dure is an aii^ 
tight connecdon between diis av jet means and die 
air inlet pipe, 
aaim 5 

A hollow fiber filter membrane module in 
whidi die element recited in Qaim 1 is fitted into a 
module container provided witii a raw water orifice, 
an air relief orifice, a drain (Hifice. a fOteted v/atet 
orifice, and an air inlet, widi sealiiig malBrial iater- 
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posed w^ diis contamot 
ClaimC 

The hoHow fiber filter membrane module le- 
dted in Oaim 5 is provided widi an aur jet orifice at 
die bottom or die module container to enable scnib- 
t»qg ah: to be introduced into bodi dw dement and 
die bottom of die modute container when deaning by 
airscnibUng. 

0001 

bdustrial Fidd of Use 

This invention relates to hollow fiber filter 
ts and modules used for filtering 



00Q2 
PriM-Art 

There are QfincaUy large quantifies of SS', fine 
particles, dirt, ndcrootganisms. algae, etc. in faidus- 
triai water. Continued use of such water can result 
in dogged pipes, bacterid propagation, buildiqi of 
scde in lines, and od|erprd>lems. TVpicaUy, a va- 
riety of mediods. including sand filtration, condensa- 
tion filtratitm, cartridge filtration, and odiers have 
been used to remove diese materials ftom die watec, 
A new mediod diat has recentiy been used in place of 
diese filtration mediods has been die application of 
porous hdlow fiber membranes. In recent years, 
dwre has be(aianq[iid increase in die ise of hoUow 



and dw areas in wfaidijUs iBchndogy is tpidied are 

growing from year to year. 

0003 

In filtration widi hollow fiber membranes, sev- 
etd diousand to sevoal tens of diousands of hollow 
fiber numbranes are bundled into a single bundle, 
and their ends are in some way fixed using adhesive 



in Older to form a holtow fib» membrane dement 
These dements are then housed in a module con- 
tainec Hdlow fiber filtration membrane modules 
Oat are manu&ctuted into the form of product 
tdmirilycalIed''nK)diiIe^. Amdevaiielyof Conns 
have been proposed as hollow fiber filtration mem- 
brane nwdules that can filter liquids. In particular, 
filtration modules w«euutiaUy prqwsed foruse in 
combination with appropriate ix«-treatment methods 
for purposes of reverse osmosis filtration, for dialysis 
plications, and so on. A wide vari^ of modules 
have been |«q>osed for tiiese various appUcations, 
and some of tiie principal examples are found cited in 
Patent PubBcations 48-28380 and Unexamined Pat- 
ent Publications 49-69550, 53-100176, etc. These 
are all dther disposaUe or embodimorts which use 
cheBdcaUy-tRsated water in order to dean or flush 
[die fillers) after a certain amount of &t builds up in 

0004 

On die odKsr hand, there have been recent tests 
in whidi ways have been developed to shape a hol- 
low fiber filtration membrane module and to peri- 
odically remove material adhering to the surface oi 
die hollow fiber membrane widi air, fliereby recov- 
ering die functionally of die hollow fiber membrane, 
bi Unexamined Patent Publication 61-263605, die 
hollow Sbex membranes am formed into a U-shape 
and housed widun a cont^ner. Airisperiodicalty 
introduced into die bottom <tf die container itaKWi^ 
an air inlet orifice provided ttierein in order to per- 
form dr scrubUng which vibrates the hdlow fiber 
menibiane, diereby removing aocumidations^ on die 
mendxane sorfiKK. Also. Unexamined Pateitt Fddi- 
catioB 60-206415 disdoses a modnte in whidi hd- 
low fiber membranes are disposed around a centrd 
1^ «4iidi is dien fitted into a oontdner having a 
U-shape. as above, and «4ierdn materid diat has 



built up iqxm die hoDow fiber membrane sur&ces is 
removed by means of air scrubbing. Studies are d- 
leady under way toward die reducti<n of diese tech- 
ndogies to practice. 
0005 

Rndwimoie. Unexanuned Patent Publication 
48-3470 disdoses a mediod in which fine particles 
adhering to die membrane are peded widi com- 
pressed air and badcwashed widi die filter liquid or 
widianodier liquid. 
0006 

Prdilems the bivention is Intended to Resolve 

Air scrobbing and backwashing are good 
m^ods for die removd of accumulations on die 
hollow fiber membrane surfaces resultant from die 
processing of water widi hollow fiber filter meoip 
taane modules, and it is posaUe to restore die filter 
IIK8B or less to its cmdition pior to filuation by re- 
moving (wasldng) die membrane surfaces widi 
mediods such as tiiese. therd)y recovering filter 
functionally and extending die sovice life of hollow 
fiber filtor membrane modules in an economicd 
faduon. However, most prior art air scrubbing 
mediods involve die use of air jets only from die 
bottom of die module, and particulariy in die case of 
large hdlow fiber bundles, diese methods do not 
allow die bubbles to get into die interior <tf die hd- 
low fiber bundles, and only remove accumulated 
materid near die surfiu» of dw hdlow fiber bubUes. 
Mediods have been pnqiosed in whicdi mdtiple holes 
are provided over dw^ntire lengdi [<tf die MHitdner] 
and use an dr pressure line as ui die case <tf Utility 
Modd 3-15627. wheidn air is introduced into dw 
modde oontdner fiom locations odm dian die bot- 
tom of die contdner. Nevertheless, tills mediod is 
defective because if die overdl lengdi of die module 
is long and diere is a significant difference in water 
pressure between the top and bottom portions (rf die 
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nK>Aile. ft is vittually iinposdble to generate enough 
of Oe bobbles that are critical for wadii ng because 
air tHids to pod at the top of the module and be in- 
troduced into the nuKhile fiom die air holes and air 
pressure supply line holes near die top. Rutfaer, ac- 
cumulated material that has been cleaned tends to 
build vp in the vicinity of die air jet orifice at the 
bottom of the module container, causing clogging <rf 
die air jet orifices, and making it harder to clean Ac 
h(^ow fiber membranes. Thaef<»e, tfierc is a need 
for a module in which die cndre hollow fiber mem- 
brane bundles in the elements can be cleaned and in 
«4iidi dieie Is little clogging of die air jet <»ifices. 
0007 

Means of Solving the Problems 

The goals of diis invention are essentially 
achieved is a hollow fiber filter membiane donent 
comprising an external pressure system that passes 
raw water fiom die outside dirough hollow fiber 
membrane bundles to die inside thereof to filter die 
same and remove die processed wata fi-om erne end, 
an air inlet pipe in the central part of die hoUow fiber 
membrane bundles, and wherein inlet air jet orifices 
fiom die outside are formed in die lower half of die 
totatleogdi of die etement 
0008 

die hollow fiber filter membrane dement and 
module of this inventicm. inasmuch as die singte air 
scmbUng dr jet orifice for die lAiysical deanhig (tf 
die hdlow fiber filter nmidHane dement is provided 
widiln die fiber bundle, die membrane Is effoctivdy 
shakoi inside of die fiber bundle resulting bi a sig- 
nificant increase in die recovery of filter performance 
due to air scrubbing compared with prior art dements 
in which air scrubbing is done from die lower part of 
die elemoit Moreova; since the air jet orifice is 
provided inside an dement diat is periodicaUy le- 
{daced. such problems as do^g of die air jet ori- 



fices can ba^»ny be handled by periodic r^Iace- 
. ment of die demmt, diodiy contributing to im- 
I«oved mamtenance diaracteristics of monbcane 
treatment devices. 
0009 

The fdlowhig detailed description (tfdw inven- 
tion is based on die drawings, but diis invention U 
iH}t limited to dw drawings. 
0010 

Rgure 1 shows an example of an element of 
diis invention in which an air inlet orifice is provided 
near die lower end plate of the air inlet pipe provided 
in the cmter, and which is fitted uto a module con- 
tainer. A module container lower airjet orifice as 
redled hi aaim S is also provided at die bottom of 
die module container. Tlw module container I cap 
can be removed to fiKilitate easy vqitecement of dK 
donaent. and die densent is uikalted fai dw cootainer 
widi seafing matoials interposed. Moreover, die 
module container is provided widi a raw water sup- 
ply inlet 1 1 diat suppUes raw water, a drain orifice 12 
diat drains liquid m die module cmtainen an air re- 
lief orifice 13. a processed water (sifice 14, an air 
udet orifice 15 diat connects widi die dement air 
inlet {Hpe, and a module container lower air hilet 
orifice 16 diat can.be used in combination for air 
scrabbfaig from die lower portion <rfdie module con- 
tdner. FbrdwrmoD^ a hdlow fiber membrane de- 
ffloit to is housed widdn die module contahwtv 
0011 

The hollow fiber membrane dement is fixed hi 
pbce on one end or bodi ends by adhesive. Figure 1 
is an exam^e of a hollow fiber membrane dement 
diat is fixed <m bodi ends, and it b|s alower end 
^ate 22. upper end plate 23, and diere are openings 
in one end [date for die hollow fibers, so diat proc- 
essed water can be removed, hi dw example shomi 
in Figure 1. the hollow fiber mendtrane is open at dw 
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upper end plalB. Also. Oie top and the lower end 
plates aie connected by an or inlet (ripe 24, and the 
ak inlet ppe b connected in an aiitiiiht way with the 
module cont^ner dr inlet orifice. 
0012 

The «(amide diown in Hguie 1 has holes pro- 
vided at die bottom of the inlet inpe 24 that serve 
as {ur jet <»tfices 25, but slits may be used in place of 
the hole-shaped air jet orifices shown in Hgure 1. 
0013 

Further, as shown in Figures 2 and 3, it is ac- 
ceptable to p«mdt air diffiiser tubes that branch off 
fiom the air inlet pipe. Although die air diffuser 
tube effectively connects with dw air inlet ^pe per- 
pendieidaiiy. it may be connected widdh a range of 
angM off die perpendicular as kmg as dus does not 
iideifetewididiediixtofdieinvendon. Also^itis 
pn^nable diat die locadffli of conneedm be bdow 
1/4 die overall lengdi of die element 
0014 

While dieie are no particular linutations on die 
numbo: and lengdicrf air difiusar tubes, diere should 
be at least 2. preferaUy at least 3, and even more 
I»efiaably4ormote. If die hdlow fiber nwm- 
l»anes ate divided htto a number of membrane bun- 
dles, dwn die number should prefinaUy be diosame 
as die number of hollow fiber membrane bundles, or 
a mnlt^le<tf die integers. \^di regard to lengdi. 
diey should preferably be more dian 1/2 die radius of 
diedeiiient The air jet orifice should pr^naldy be 
about 1/2 die taAus of diedemoit 
0015 

Odierwise. it is acceptaMe to Gonfignie (die air 
diffiiser ppe] hiside die lower end plate as shown in 
Rgues 4 and S, but diese may also be iHDvided in 
the »r diffiiser plate installed widiin die air inlet pipe. 
as8hownin Hguies 6and7. What is here called an 
air diffiiser plate is somediing having an external 



shape that is die same as die bundling plate diat bun- 
dles die hollow fiber membrane bundles. Th^ 
have air j^ orifices in didr surCace, and are stnic- 
tured so that the air that has been conducted from the 
air inlet pipe is ejected. 
0016 

These are examples of forms of [die mvention], 
and die invention is not necessarily limited to dicse. 
In Figures, 2, 3, 4, and 5. die air jet orifices are lo- 
cated in between the hollow fiber memtnane bundles 
whoe diere are no hollow fibers, but dure is no im- 
pedhnent to iKOvidnig die ^ jet orifices near die 
indde of die hollow fiber membrane bundles. 
0017 

Rgnre 8 shows an ncamide in whidi dw air 
udet orifices are located at die bottom of die module 
container, and die air failet inpes ate connected in an 
anti^ way to die ur udM orifices at die bottom Of 
die module container. Odierwise,itisdiesameas 
die example shown in Figure I. 
0018 

Rguie 9 shows an example of an application of 
die mvmtion In wludi die hdlow fiber membranes 
are formed into a U-diape to fixm an element widi a 
takoKiffatoneend. 
0019 

The hoUow fiber filter membrane dfflOMits used 
hen filter nw water duougjh coundess minute hdM 
in die surface <rf dw hoUow fiber membrane, passing 
only pure water ftom wWch SS and fine particle 
components. debris,jnicroofganisms. and so on have 
been lemoved, to die mside of die hollow fiber 
mnnbrane. and filtered water is drawn off fiom die 
filtaed water orifice. Hollow fiber memteane de- 
ment span a wide range of varieties and applicaticms, 
inchiding not only tins sort of precision filtration or 
idtra-filtiation, in v4uch die hoUow fiber membranes 
perform dialysis, reverse osmosis or materials trans- 



PatentFuMication 07-185268 



U8F 133965 



fer between liquids, bm also ai^lications in materiak 
ttansfer between liquids and gases, or fior m atw i als 
transfo between gases. Aldioui^itisconunonin 
ffltntion using iKdlow fiber membrane ^nients diat 
Oie larger the volume of raw wionr filtered, die larger 
dw voluroe <tf filtrate, as the filter is used over time, 
it is typical for die SS components, fine paitides, etc. 
to build up on die memtxane surface, moie or less 
clogging die hollow fiber membrane mesh, and 
gradually reducing die amount of filtered water per 
unit of pressure. Thus, as clogging progresses, and 
when die reduction in die amount of filtered water 
reaches aceitain pdnt, cleaning opaati<»s are per- 
formed ttdng backwashing or air soiAUng in order 
to recover die amount of filtered water nearly 10 lev- 
els before die dogging occoned. 
0020 

The ways in which modutes into whidi hdUow 
fiber filter membrane elements diat have been fitted 
into modules can be used may be determined ac- 
cording to die needs of users, and diere are no limita- 
tions on die ways in which Uiey may be used. Some 
of die ways in which diey may be operated include 
operation methods in which die amount of filtered 
water is varied at constant pressure, operation in 
which die amount (Xf filtered water is constant 
wMfe automatically or manuaUy controlling pressure, 
w mediods in which die module is attached to an 
appn^Miate raw water source and run at whatever &e 
pressure and temperature happens to be. 
0021 

This inventioi is die result of dKwcmgh investi- 
gations conducted by the inventors into w^ to im- 
prove die effectiveness of air scrubbing in die <^an- 
ing of hdlow fiber filter membrane demonts and into 
improvements in thdr maintenance properties in the 
cleaiung of hollow fiber filler membrane dements. 
0022 



Hie fom does not matter if die hdlow fiber 
filter membrane dement and module (rf tills inven- 
ti<m is a filter donent using pwous hollow fiber 
membrane bundles as its filter matetiaL Preferred 
forms iot die hollow fiber filter membrane dement 
of diis inventitm are structeres in which holes are 
formed in die hollow fiber memtNrane by cutting one 
end of die adhesive seal area after both ends of the 
hdlow fiber filter membrane bundle are sealed witti 
adhesive. Also, it is typical for the dement to be 
housed inside a module container. Aldiough it is 
preferable for die element to be fitted into a module 
container widi a sealing-material interposed in be- 
tween and able to be removed fiom die cmtainer stt 
will, a structure may also be used in which die de- 
ment is bonded widi die contahier by means of adhe- 
sive, etc. 
0023 

As long as du^ are porous hdlow fiber mem- 
branes, diere are no particular c<mstrdnts <m dw hol- 
low fiber m^btane material com[Hidng the hollow 
fiber filter membrane dement of diis invention, but 
polyethylene, polypropylene, pdysulfone, pdy- 
edi^sdfone, polyvin^ alcohol, cdlulose acetate, 
pdyacrylonilrile, or other matraials may be» sdected. 
Among theses as a particttlariy preferable material for 
a hdlow fibs' membrane, pdymers containing aciy- 
loninile as at least one of its components are appro- 
priate given ao^onitrile's sufficient mediadcal 
strengdi when subjected to air scrubbing. The most 
prdisraUe aorylonitrile pdymer is a ^ngle or two or 
greater copdymer erf over 50 niolc% acrjlonitrile, 
and preferddy over 60 nioIe% actjdciiiitiile versus 
under 50%, and more preferably 0-40 nide% single 
(ST 2 or greater vinyl OMnpounds. Moreovo', it is 
also »xeptable for diere to be other pdymers in ad- 
diticm to diese or 2 or moe acrylonibile 
pdymos. As for die above-mentioned vin^ com- 
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pounds, well-known compounds which aie copdy- 
meis having acrylonitrile may acceptably be used 
and Aeie ais BO paiticolar limitatioas, but pref^ 
copcdymer confounds sudi as aciylic add. itacomc 
add. niediacqilic add. mediaoylic add methyl, 
pdyviiqil acetate. aUyl sulfonc add soda, p-styiene 
sulfooie add soda, among otheis can be mentioned. 
0024 

Further, the following materials aie suitable for 
the hollow fibers: independents sudt as ethyl- 
en&i»opyIene or 4-meA^ pontene. or two <n- m<we 
olefinic polymers. A slit-^pel(mg and narrow 
hde is appix^ate for die hollow fiber ronnl»anes. 
with a long surface (Uameter of a}|Un~10tun and a 
short dianffiter of Cl-LOiun. 
0025 

Embodiments 
Embodiment 1 

The hollow fiber membrane element of fliis 
iovendon has an outer diameter of 470 cm. and an 
inner Aameter of 350 cm, and an average boie size 
<^OL01|im. consisting of 20.000 strands of pdyacry- 
lonitrile foam hollow fiber meml»ane, having air 
inlet |dpes wMdi have dr jet orifices on both onds 
and which is fixed widi uretbane adhesive. After 
fixation [with uredrane adhesive], fl» adhesive fixa- 
ticm parts at both ends are cut to torn holes in dw 
hdlow fiber membrane. Rltration experimmts were 
conducted with tMs dement Installed in a module 
container having a diameter of 17 cm and a length of 
120 cm, forming a hollow fiber filter membrane 
modide. 
0026 . 

The filtering experiments used raw witer to 
«diidi 5 ppm of pdy alundnnm ddoride CPAQ were 
added, and automatic pressure adgustment was used 
to adjust the flow volume so that it was 8 li- 
tersAmnnte during filter procesdttg. The pressure 



rises according to die degtee of denmit doggmg to 
maintain dw desired flow vdume. When die supply 
pressure reached 1.0 kgffon', back washing was 
performed udng die processed water, and w^ng by 
means of air scruUnng was performed by nitrodudng 
air diroug^ die air inlet ppes and from die bonwn 
die modide, and normal operations were resumed 
afierdraimng water to complete one cycle. Nor- 
mal filtration was possible even after 1,000 hours had 
elapsed in diese tests, and there was no accumulation 
of material eitiier on die hollow fiber bundles inside 
ot tiie lower end {dates of die hdlow fiber bundles. 
0027 

Enri)odimait2 

Experiments were perfomned as in Embodiment 
1 widi dw exception diat die hollow fiber membrane 
dement was provided vridi air difiiiser tubes con- 
necting die air Jet holes perpendiculariy to die air 
hilet pipe as shown in Figures 2, 3. Indiesetests, 
normal filtering could be performed as in Embodi- 
ment 1 even after 1,000 hours had dapsed. and as in 
Embodiment 1, due to die effect of the air diffiiser 
tubes, diere was vary little buildup of dirt on die hd- 
low fiber membrane bundles In die vidnity of die 
lower end plate. 
0028 

Gonqiarative Example 1 

The hollow fiber filter memi«ane efemmt and 
raw water, as wdl as d« operating iiaranieters were 
identical to dnse used before die embodiments, and 
air was supplied fkouMite bottom of die module for 
air scrubbing in die same way as for iHior art de- 
ments, and air was not supplied from ak jet (xifices 
in the element After 1,000 hours had elapsed from 
die start <tf die experiment, die hollow fiber bundles, 
particularly in die viciidty of die lower end [date, 
wtae calffid widi accumulated material, and a decline 
in die usable membrane surface area was observed. 
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0029 

Effect of the Invention 

This invention significantly increases the re- 
covery of filtering capacity by air scrubbing in hol- 
low fiber filter membrane dements and modules that 
filter liquids containing fine particles and suspended 
materials. It is paiticulady effective when air jet cn- 
fices arc disposed inside the hoUow fiber membrane 
bundles by means of air diffiiser tubes, air ^fiusor 
plates, and so on. Moieovnr, a bdlow fiber filtw 
membiane denmit and module are provided having 
enhanced maintaianoe pnqieities. 

Brief Description of tiie Utawioff 

Hg. I Vertical cios»-scetion of an exanqdeitf a 
module into which a Irallow fiber filter mem- 
brane element of this invoiti<m provided widi 
an element air inlet pipe and air jet means are 
fitted into a module container. 

Fig. 2 A horizontal cross section of an <»camirfe a 
module into whidi a liollow fiber filter meiD- 
brane dement of dus Invention pioWded with . 
tk dififiiser tubes is fitted into a module con- 

Rg.3 A vertical cross-section in die vidnil^ of 
tiw aw jet orifices of an example a module witfi 
a hollow fiber fiUermembrane elemeat of this 
invention provided widi air diffiiser lubes and 
fitted into a module omtainer 

Fig. 4 A horizontal cross-sectimi in die vicini^ 
of die air jet orifices of an example of a module 
into which a hollow fiber filter membrane ele- 
ment of this invention provided widi air jet 
means in die lower end plate and which is fitted 
into a module container 

Flg.S A vertical cross-section in die vidni^itf 
die air jet orifices of an example of a module in 
vriUdi a hollow fiber filtermembiaiie dement 



of this invention provided widi air jet means in 
die Iowa end plate and wfaidi is fitted into a 



Fig. 6 A horizontal cross section of an example 
of die module in which a hollow fiber filter 
membrane dement of diis invention provided 
with air diCEiiser {date is fitted into a module 
container 

ng.7 A vertical cross section of an example of 
the module in whidi a hollow fiber filter mem- 
tmane dement of diis invention provided widi 
air diffuse plate is fitted into a module con- 

Hg.8 A veiticd cross-section (tf an exanqde of a 
hollow fiber filter membrane module provided 
widi air jet nnans diat die bottom of die modtde 
container of diis invention 

Hg.9 A vertical cross-section of an example of 
this Invention which is a module into which a 
U-shs^ hollow fiber membrane element is fit- 
ted into die module container 

Symbols 

1 Module contdner 

2 Hdlowfibermembrane element 

1 1 Raw water supply orifice 

12 Drdn orifice 

13 Airidief orifice 

14 I^ocessed watrar orifice 

15 Air inlet orifice 

16 Module lower air inlet orifice 

21 HoUow fiber meiiibrane bundle 

22 Lower end plate 

23 Upperend plate 

24 Airinletpipe 

25 Air jet orifice 
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